The following case is reported because of the rarity with which keratoconus or keratoglobus is associated with blue sclerae. Examination of the family of the propositus and a study of the literature suggest that these findings may be the ocular manifestations of a distirct, heritable disorder of connective tissue.
X-ray examination confirmed the relatively increased antero-posterior diameter of the skull and revealed an absence of the usual symmetrical relationship between the cranial vault and the facial bones. The long bones and vertebral column were normal. BLOOD ANALYSIS Hb I3 5 g. per cent. Red blood count 4,200,000. White blood count 8,400 with normal differential count. Serum calcium, phosphorus, and alkaline phosphatase normal. Urine analysis, including aminoacid chromatography, normal.
Chromosome analysis was made on cultured leucocytes from peripheral blood, using a modification of the method of Moorhead, Nowell, Mellman, Battips, and Hungerford (1960) . The flap taken from the upper fornix. A binocular bandage was applied, and 2 days later, the conjunctival flap had begun to recede and the anterior chamber was well formed. On the fourth postoperative day, the anterior chamber was absent but gradually re-formed with continued binocular occlusion and complete rest in bed.
At the first slit-lamp examination, 2 weeks after the injury, the wound was seen to be well closed and there was an anterior synechia involving the upper two-thirds of the corneal wound. There was separation of Descemet's membrane from the rest of the cornea, which was oedematous. The corneal hydrops occupied two-thirds of the depth of the anterior chamber and gradually receded during the ensuing 3 months. The present visual acuity is 6/go, the same as before the injury, in spite of a vertical scar involving the centre of the cornea (Fig. 3) .
Examination of the family
The pedigree (Fig. 4) represents six generations of a Jewish family, immigrants from Tunisia. Consanguineous marriages are common in this family, and the parents of the propositus are cousins once removed. The pedigree consists of 82 members, of whom 46 were examined by the authors, and information, apparently reliable, was obtained about thirteen other members. Nineteen persons, fourteen females and five males, in three successive generations, have blue sclerae of slight, moderate, or marked degree. Four, all with blue sclerae of moderate to marked degree, were found to have hyperextensibility of the joints.
Discussion
The present case appears to represent an heritable disorder of connective tissue which has not hitherto been fully recognized and is characterized by blue sclerae, keratoglobus or keratoconus, fragile corneae, hyperextensibility of the joints, and dentinogenesis imperfecta. There have been six previous reports of twelve cases which resemble the present one to a greater or lesser degree.
Stein, Lazar, and Adam (I968) have treated two brothers with blue sclerae, thin fragile corneae, and hyperextensibility of the joints. It was not possible to say whether keratoglobus existed in these cases since both presented with severe lacerations of the cornea in the only remaining eye, the other eye having been lost from trauma some years previously. Both of the brothers were ginger-haired, and many members of the family had blue sclerae. In one of the brothers it was impossible to save the only, lacerated eye. The other case was treated successfully by placing a I 2-mrr.. full-thickness corneal disc over the lacerated cornea without removing the host epithelium. The corneal disc was sutured to the surrounding episclera and its periphery covered by conjunctiva. It is possible that these two brothers are distant relatives of our case since the two families come from the same town in Tunisia. However, no common ancestor could be found.
Badtke (I941) reported the presence of blue sclerae and keratoconus in two sisters who also had hyperelasticity of the ligaments and tendons throughout the body, dry skin and hair, poor dental development, and mental retardation. It was not possible to reconstruct the family tree in detail but it was known that there had been much intermarriage and blindness in the family. Badke pointed out that one might well expect to find keratoconus associated more frequently with blue sclerae.
Arkin (I964) reported blue sclerae and keratoglobus in a I 7-year-old boy, who also had hyperelasticity of the joints, brittle bones, and poor teeth.
Tucker (I959) reported two sisters with blue sclerae, thin corneae, and hyperextensibility of the fingers; one gave a history of a single fracture, and the other had congenital corneal oedema due to tears in Descemet's membrane, which was at first thought to be due to glaucoma. The parents were first cousins.
Attiah and Sobhy Bey (I93i), and Attiah (I933) reported three cases of blue sclerae with myopia which he considered to be incidental and unrelated to the syndrome; one suffered from recurrent dislocations of the joints and in two the corneae were thin and conical.
Behr (I913) reported two brothers with blue sclerae, keratoconus, and recurrent dislocations of the joints; one had a bilateral hearing defect.
The clinical features of the above cases and of the present case are summarized in the Table. Buchanan (I 903, I 923) described the ocular pathology in two cases with blue sclerae and conical corneae. The cornea was i of its normal thickness and the sclera X of its 5 normal thickness. Other reports by Casanovas (I 934), De Leonibus and Gemelotto (I954), and Ruedemann (I953) have confirmed that the main histological finding in cases of blue sclera is a thinning and breakdown of the collagen.
The differential diagnosis in the present case and in the similar cases reported in the literature is osteogenesis imperfecta tarda, the Ehlers-Danlos syndrome, or a distinct but possibly related connective tissue disorder.
The characteristic features of osteogenesis imperfecta are blue sclerae, brittle bones, deafness, hyperextensibility of the joints, and dentinogenesis imperfecta. Our propositus is now 6 years old and has suffered no fractures, and x-ray examinations have shown normal bone structure. There was a history of only one fracture (from severe trauma) among the 59 members of the family investigated. The propositus had bilateral hearing loss but this was due to chronic otitis media with cholesteatoma, and there was no deafness in the family.
The characteristic features of the Ehlers-Danlos syndrome are hyperelasticity and fragility of the skin, blue sclerae, poor teeth, and muscular hypotony. Abnormalities of the skin were not present in the family reported here nor were they noted in any of the similar cases reported in the literature.
The pedigree of our case (Fig. 4) indicates that the syndrome is inherited by a dominant gene with varying expressivity and incomplete penetrance. As in osteogenesis imperfecta, the gene has a high penetrance with regard to its effect on the sclera, especially in females. However, the gene has a low penetrance with regard to bone fragility and deafness (if it has any such effect at all), both in the family reported here and in the similar cases reported in the literature. This is in contrast to the gene for osteogenesis imperfecta which has a penetrance of 6o per cent. for bone fragility and 63 per cent. for deafness (Bell, . Four members of the family reported here exhibit more than one feature of the syndrome and all are children of consanguineous marriages, as are the two brothers reported by Stein and others (I968), and the two sisters reported by Tucker 959). Badtke (I94I) stated that there was much intermarriage in the family of the two sisters he reported. It is possible that these cases represent the homozygous state with its enhanced expressivity. This again is in contrast to the mode of inheritance of osteogenesis imperfecta, in which consanguinity is not a significant factor (Bell, I928; Fuss, I935; Hills and McLanahan, I937; Kellogg, I947) .
McKusick (i960) suggested that osteogenesis imperfecta, the Ehlers-Danlos syndrome, Marfan's syndrome, Hurler's syndrome, and pseudoxanthoma elasticum each represent an abnormality of a single element or biochemical mechanism of connective tissue. It is possible that the present case and the similar ones reported in the literature represent an additional syndrome in this group of connective tissue disorders. Summary (I) A case of blue sclerae, keratoglobus, and fragile corneae associated with hyperextensibility of the joints throughout the body and dentinogenesis imperfecta is described. Blue sclerae were extremely common in the family and hyperextensibility of the joints was present in three members of the family in addition to the propositus.
(2) Twelve more or less similar cases appearing in the literature are reviewed, and it is suggested that these cases as well as the present one represent a distinct heritable disorder of connective tissue which has not hitherto been fully recognized.
